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analytical method by which boric acid is determined by titration.
The reaction is intensified by raising the pII, and, in borax, mannitol
can be estimated by its increase in optical rotation. The principal
requirement for reaction with borate—that the hydroxyl groups must
be adjacent and c¢is—has made the reaction uscful in elucidating the
structure of polyhydroxy compounds. Since many compounds of
biological interest (vitamins, coenzymes, enzyme substrates, poly-
saccharides) contain hydroxyl groups in a favorable position to react
with borate, the reaction should be of use in elucidating the mechanism
of action and the properties of these substances.  An outstanding
favorable characteristic of the reaction is the ease with which it can
he reversed, thus permitting recovery of the components in their
original form. References, in most cases brief, to the reaction of
borate with substances of the kind mentioned, as well as reports of
effects on viruses and enzymes, have appeared in the literature.
The reaction has been of use in the purification of blood group poly-
saccharide, for one of the consequences of the reaction with borate in
this case is a reduction of the solubility of the polysaccharide in salt
solutions.  Borate may be of use also in exploring some of the bio-
logical reactions of the blood group and other polysaccharides.
Further, borate might be useful in investigating the reaction of
viruses with blood cell or tissue receptor sites of polysaccharide
nature. In view of the many cocnzymes reacting with borate, a
large field should be open for exploration of the reaction of cocnzymes
with both holoenzyme and substrate. Other applications for the
borate reaction will appear in the course of the review. It will be
seen also that, in addition to the specific reactivity of borate with
hydroxyl groups, in some enzyme inhibitions borate is probably
acting strictly as an anion.

II. Reaction of Borate with Simple Polyhydroxy and Related
Compounds
A, TYPES OF COMPOUNDS GIVING REACTION
Boescken (9) has recently reviewed the use of boric acid for deter-
mining the configuration of carbohydrates. Increase in conductivity
of 0.5 A borie acid at 25° C. on addition of the polyhydroxy compound
is used as u measure of the interaction.  Most pertinent to the present
review are the types of compounds giving the reaction. The ali-
phatic glycols react with boric acid when the hydroxyl groups are

adjacent and ¢is; however, the simple 1,2-glycol reacts feebly, pre-
sumably because an unfavorable position results from mutual repul-
sion of the hydroxyl groups. Compounds with more than two hy-
droxyl groups react more strongly, and the intensity of the reaction
increases with inerease in the number of the adjacent hydroxyl
groups (glycerol < erythritol < adonitol < arabitol < mannitol).
Although the unreactivity of glycol (1,2-ethanediol) and 1,2-propane-
diol has been confirmed (58a), in high concentrations these compounds
do react sufficiently for boric acid to be titrated in their presence (90).

Aromatic ortho-dihydroxy compounds (catechol, pyrogallol, ete.)
react strongly with boric acid (9). In the case of the saturated S1X-
membered ring (inositol), the reaction with boric acid is negligible,
presumably because the atoms are distorted from a single plane.
Krantz and associates (4,58a) have made similar observations.
Adjacent hydroxyl groups in five-membered rings are reactive with
boric acid (4,9). Boescken (9) has extended these observations to a
consideration of the sugars, and it appears that adjacent, cis-hydroxyl
groups in the pyranose structure are less reactive than in.the furanose
ring. TFor some reason, ketoses (p-fructose, p-sorbose) are much more
reactive with boric acid than aldoses (p-mannose, D-galactose) (9).
The hydroxyl group arising from lactol formation can participate in
reactions with borie acid (a-p-glucose) (9).

a-Hydroxy (lactie, ete.) and aromatic o-hydroxy (salicylic, ete.)
acids are also strongly reactive with borie acid, the necessary O
groups presumably being supplied by hydration of COOH to C(OH);
(9). Tannins are reactive with borie acid and borax on account of
the tri(3,4,5)-hydroxybenzoic acid (22). 1,2-Diketo compounds like
benzil and diacetyl, certain keto acids (85), and diketo sugars (77)
also react with borate, as does the triketo compound alloxan (64). The
hydroxyl groups in these cases probably arise from hydration of the
ketone group. T'wo molecules of .borate react with the resulting
tetrahydroxy compound (85). Iydroxyl groups in 1,3 positions are
in some cases reactive (pentacrythritol (58a); pyridoxine (94);
1,3-butylene glycol (90); 1,2-isopyropylidenc-p-glucofuranose ( 101a)).

The ability of borate to form-complexes with diols has been. dis-
cussed from the standpoint of the physical dimensions of the borate
molecule, a fuctor that is equally important for the specific oxidation
of diols by certain oxidants such as periodate and lead tetraacetate
(37a).
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of the alkali tetraborates, however, large quantities of complex borates
are formed, and it is possible to study compound formation by optical
methods. Isbell et al. (46) plotted the optical rotation for concentra-
tions of the diol of 2 to 10 g. per 100 ml. versus various concentrations
of tetraborate. TFigure 2 shows the results obtained with fructose.

o SODIUM TETRABORATE
o POTASSIUM TETRABORATE
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Fig. 2. Specific rotation of fructose in the presence of alkali tetraborates: (1)
2 g fructose per 100 mh; (2) 4 g fructose per 100 ml,; (3) 6 g. fructose per 100
ml.; (4) 10 g fructose per 100 ml, (46).

IFrom the specifie rotation of the mixtures and from the earlier consid-
erations of the equilibria involved, the type of complex formed, as
well as its specifie optical rotation, were determined. In most cases
the change in optical rotation was linear at low tetraborate:diol
ratios, reflecting a quantitative formation of the type BD: compound.

In contrast with the results with fructose and most of the other
compounds studied, the speeific rotation of the mannitol-borax

complex was independent of the mannitol concentration, and the
rotation was linear up to a tetraborate:mannitol ratio of 0.5. The
authors conclude that type A compound is probably not formed and
the type BD; formed contains only 1 molecule of mannitol for each
borate group due to formation of the compound shown in formula (1),
where the mannitol molecule is a didiol. The BD compound is repre-
sented by formula (2). This example is of interest because the poly-
saccharides with their multiplicity of groupings would be expected to
form compounds of the saume types.

B CHLOM T - CH,0H
.lOlN_,\_:

.|OIA_\4:
HCO

N,/
B

7N\
HCO

M\.:...c: HCO ol

_
CH,0lL
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The change in the specific rotation of sucrose in the presence of
tetraborate is slight (a maximum of about 6°) in conformity with the
absence of ers-hydroxyl groups. The change, however, is real, and
the authors believe it indicates a compound of type A analogous to
the compounds formed by 1,3-diols (80). IHowever, trans-1,2-diol
groups should be considered also, for the recent studies of Reeves
(88a) with cuprammonium-glycoside complexes have shown that
certain ring configurations make it possible for hydroxyls of trans-
1,2-diol groups to be in a favorable position for complex formation.
The anglo between the planes in which the adjacent hydroxyl groups
lie relative to the carbon-carbon axis is the determining factor.
The reaction of borate with sucrose is of interest, since the many
polyglucose compounds of natural origin would be expected to react
also in this fashion.

C. CHANGE IN PROPERTIES OF POLYHYDROXY COMPOUNDS

The enhanced acidity of borie acid in the complex with polyhydroxy
compounds has been mentioned in a previous section.  This has been

(0)3¢
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3.88 to 4.81; the simplifying assumption was made that concentra-
tions of B~ and BM— were negligible. For the formulation:

HB + 2 M ——— BM; + H*

from which the inverse relationship to the concentration of H* is
apparent, a value of 1.00 X 10~* was obtained for the mass action
constant. This value can be divided by the dissociation constant of
boric acid (6.4 X 10~1) to give a K, value of 15.6 X 10* for equation
(2) above. For the reaction of the diketone benzil with borate in
0.25 M NaOH and 489, ethanol, in which 2 moles of borate combine
with 1 mole of benzil, Pasternak (85) has reported a K value of about
10%.

In spite of the strong association between polyhydroxy compound
and borate the reaction is easily and rapidly reversed by dialysis
(22,113), change in pI (22,85), and heat (77), and in the case of gel
formation by the addition of an excess of a low-molecular polyhydroxy
compound (22). Gels (BD. type) onee formed are not readily
liquefied (transformed to BD type) by excess borate which conforms
to the above values for Ky and K. for the different products.  Paster-
nak (85) has reported the rate of formation of the benzil-borate com-
plex in 0.25 3 NaOIL; dissociation rates could not be determined in
acidified solutions, for the rate was much faster than indicated by the
rate of formation of the complex in alkali and the equilibrium con-
stant, and too fast to be measured polarigraphically. It was con-
cluded that decomposition in acid solutions must proceed by a differ-
ent mechanism than in alkaline solutions, A recent discussion (92a)
of the hydrolysis of aliphatic borate esters in acidic solutions may
apply to the hydrolysis of certain types of the diol complexes.

1II. Reaction of Borate with Polysaccharides
A. VEGETABLE GUMS AND MUCILAGES
1. Vegetable Gums and Mucilages That React with Borax

"The ability of borax to react with certain vegetable gums character-
izes several of this elass of substances (71).  Gel formation with borax
has been proposed as a means for distinguishing locust bean gum from
several other gums (47).  Beeause of the sensitivity of the reaction, it
was suggested as a means for testing for and estimating borie acid
and borates (35). Deuel, Neukom, and Weber (21) and Moe, Miller,

and Iwen (78), however, were the first to point out the probable
nature of the reaction by analogy with the reaction of borax with sim-
pler polyhydroxy compounds. Subsequently, in a study of numerous
polysaccharides, Deuel and Neukom (22) demonstrated the expeeted
correlation between the intensity of the gel reaction and the presence
of a reactive carbohydrate. Since the polysaccharides contain a
multiplicity of hydroxyl groups, compound formation of the BD. type
would lead to cross linkages between the polysaccharide molecules,
with gel formation or an increase in viscosity, and changes in other
properties related to molecular size. Deuel and Neukom pictured
the network formed as shown in Figure 3. Their tests were carried
out by adding portions of a saturated solution of borax to aqueous

Fig. 3. Representation of the coupling of linear poly-
saccharides in the borate-didiol complex (22).

solutions of the gums. The sensitivity of the reaction ranged from a
positive gel reaction with only a 0.2, solution of some polysaccharides
to others that required 109} solutions and the addition of solid borax
to demonstrate the effeet. Some difficultly soluble polysaccharides
brought into solution with dilute cuprammonium reagent gave a
positive reaction when borax was added. Table I gives a summary
of the results obtained by Deuel and Neukom. Carubin, one of the
most reactive polysaccharides, with borie acid neither became viscous
nor formed a gel. Unlike monosaccharides none of the polysac-
charides studied increased the acidity of a borie acid solution.
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borax solutions. 'These polysaccharide gels are quickly reversed by
dialysis.

Treating a carubin solution with potassium periodate, which oxi-
datively splits 1,2-glycols (87), had little effect on the viscosity of the
solution without borax, but it prevented gel formation with borax.

8
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0.15 % CARUBIN AND
0.20% CARUBIN 0.35% BORAX -

175 %
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BORAX, % pH

‘ig. 4. The influence of concentration and pll on the viscosity of caru-
bin-borax solutions at 20°C. (22).

3. Complex Formation in Nonaqueous Solvents

In view of Trany’s (44,45) observation that borie acid and borax
react with polvhydroxy compounds in nonaqueous media, Deuel
and Neukom studied the effects of borax and boric acid when added
to the polysaccharides in formamide. Both borax and boric acid
produced gels, but only the borie acid gels beeame liquid when a little
water was added.  The borie acid gel showed a strong syneresis and
gradually became floceulent, indicating that the didiol complex was
stable.  Dilute solutions of polysaccharides are more reactive in this
system, as compared with the aqueous system, but here too the reac-
tion appeared to be specific for neighboring eis-hydroxy groups.

4o Complex Formaiton with Tannin and Polyvinyl Alcohol

On account of the trihydroxy benzoie acid component, tannins are
reactive with borax.  Since the molecular weight is low (about 1500),
gel formation was obtained only when'a 409 solution was used to
which powdered borax was added.  Borie acid, although its acidity

is enhanced by tannin, did not form a gel, suggesting that the complex
is type A, In formamide, 109 solutions of tannin gelled with borice
acid (22).

The reaction of borax with polyvinyl aleohol in agqueous solution is
of interest, as it may be an example of a reaction with a 1,3-diol.
Deuel and Neukom (22) confirmed the observations of Marvel and
Denoon (71a) that polyvinyl alecohol was precipitated from aqueous
solutions with boric¢ acid and that gels were obtained with borax.
Addition of periodate reversed the reaction, but at the same time
reduced the macromolecular structure so the extent of the involve-
ment of 1,2- and 1,3-hydroxyl groups could not be decided (22).
The borie acid reaction could not be reversed by the addition of fruc-
tose. Atype A complex was indicated. The gel obtained with borax
could be reversed by adding fructose. In this case, the complex
appears to be the BD; type.

5. Nalure of the Borate-Polysaccharide Complea:

Deuel and Neukom discuss their results in terms of the reactive
component carbohydrates of the polysaceharides.  p-Galactose (form-
ula 3), its corresponding methylpentose—fucose, and galacturonic
acid; p-mannose (formula 4), its corresponding methylpentose—
rhamnose, and mannuronic acid are of this elass.  Glucose, glueuronic
acid, xylose, and arabinose, the other carbohydrates most frequently
encountered in the plant polysaccharides, do not havé the required
paired hydroxyl groups. ‘The hydroxyl group on ecarbon atom 1
paired with carbon 2 is also reactive, however; hence glucose and
cylose would be reactive in their « form. Sinee this group takes part
in bond formation with other carbohydrates, only the hydroxy!
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The precipitate was readily dried by triturating in acctone with a spatula.
The yield was 11.5% of a white, granular produet, with the usual serological prop-
erties of blood group A substance. This material was free of protein without
further treatment, as shown by the chloroform-nmyl alcohol test (113). In elec-
trophoresis, there was one main component; reasons were given (113) for be-
lieving that the second, faster component, present to the extent of about 35%,
was an “acid” polysaccharide previously re ported to be in mucin.

In this procedure, the concentration of ammonium sulfute was 3.58 M (78%
saturated ). Ina brief earlier report (112), 2 procedure was deseribed in which the
solution wis H7% saturated with ammonium sulfate, @ conecentration, however,
which does not give i water-clear filtrate.  Landy and Batson (65), however, used
this concentration of ammonium culfate and subsequent addition of borate.
Their product required deproteinization with chloroform-amyl aleohol, but after
this treatment it was 96% homogeneous electrophoretically.  Ikawa and Nie-
mann (43u) alko used the borate procedure for preparing blood group A substance,
and have given some physical and chemical data for the product.

The quantitative influence of the borate on the solubility of the
blood group polysaccharides has not been determined. In the mate-
rial from calf intestinal mucosa the polysaccharide was precipitated
from a solution that was 57% saturated with ammonium sulfate.
The bulk of the proteins remained in solution and were precipitated

with additional ammonium sulfate after the polysaccharide fraction
was removed.  From these examples, it is evident that the method can
be adapted to the solubilities of the particular components involved.

The reaction of borate with a preparation of blood group substance
was observed earlier by Morgan and King (81), but the probable
parallelism with the reactions of borate with simple carbohydrates was
not. noted.  Interesting cffects were described when “undegraded”
bload group substance was used: “the addition of an equal volume of
0.05 M borate buffer (pIL 8.5) to a 1 percent solution of the A sub-
stanee gives rise to gel formation; the system, however, still retains
pronounced elastic properties. The clastic quality may readily be
shown by rotating a thin gelatinous solution in a suitable vessel and
observing the return motion that follows immediately the original
rotational motion has stopped. The sol-gel change is reversible.
Dialysis of the gel at 0° against distilled water leads to the formation
of the original viscous solution. These reversible sol-gel changes do
not oceur with degraded preparations of A A recent report (1)
from the same laboratory, without reference to their previous observa-
tions (81), states that a purified A substance did not give an elastic
el with borate.  Tkaw: and Niemann (43a) made the same test with

their preparations of blood group A substance, and none gave a gel.
Apparently some component of gastric muein, present in Morgan’s
first preparation of blood group substance (81), is even more reactive
with borate with respect to gel formation than is the blood group sub-
stance.. The ability of borax to lake red blood cells (52a) may be due
to a reaction with the blood group substance of the cell surface.

2. Change in Properties in the Presence of Borale

The reaction of borate with blood group substance is strikingly
shown by the changes in clect rophoretic and sedimentation properties.
"The studies to be described were performed with the blood group sub-
stance from calf intestinal mucosa. This substance appears to differ
principally from that obtained from hog gastric mucin in that it is
more highly charged, probably because of the presence of esters of
sulfuric acid (113). ,

The electrophoretic mobility of the polysaccharide was determined in borate-
frec buffers (phosphate) and in solutions in which the phosphate was replaced,
either wholly or partially, by borate-boric acid mixtures. - Experimental details
are given in the original paper (59). The mobility of the polysuccharide as a
function of pH is shown by the solid lines in Figure 5. The effect of the borate at
several pH values is shown by the dotted lines. The increase in mobility with
addition of borate was paralleled by ¢ sharpening of the electrophoresis bhound-
aries. The failure of borate to change the mobility of the polysaccharide below
pH 5.5 may be ascribed to inadequate concentrations of the ionized form of the
complexes, a result of the combined effects of limited combination and low degree
of ionization. The increased combination of borate with diol induced by the
mounting concentration of borate ion, and the greater ionic dissociation A.vm the
complexes resulting from rise in plL were together responsible for the rapid in-
crease in mobility above pH 5.5.

To separate the cffects of borate ion concentration (which determined the na-
ture and extent of diol-borate combination) from that of pII (which determined
the degree of ionic dissociation of the diol-borate complexes), preparation IT of
the polysaccharide was studied in solutions of different borate concentration and
constant pll. Tigure 6 shows the change in the mobility with increase in borate
concentration. The observed results have been interpreted in terms of changes
in the relative amounts of the BD:, BD types of complex (59).

The viscosity and sedimentation in an ultracentrifuge of the blood group sub-
stance in borate have also been investigated (60).  The viscosity was studied for
concentrations of blood group substunee from 2.5 to 15 mg./ml., and for borate
concentrations up to 0.05 M. The viscosity increased at high diol-borate ratios
MMW deereased at low diol-borate ratios, results reminiscent of the carubin data
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was negatively charged in electrophoresis in borate, whereas it had
zero net charge in phosphate buffer (109). The composition of this
polysaccharide is not known. This observation led to the use of
borate to separate the polysaccharide from calf intestinal mucosa
(110). It has also been observed that a polysaccharide from the
tubercle bacillus had its electrophoretic mobility increased in the
presence of borate (102). This polysaccharide contains mannose as
one of its component carbohydrates (37,89).

Lopatkin has reported that cultures of the Shiga~-Kruse dysentery
bacillus are agglutinated by borie acid or borax. Deuel and Neukom
have pointed out (22) that this phenomenon might be due to the
presence in this organism of a polysaccharide containing galactose
and rhamnose (27).  Inhibition of the “swarming” of Proteus vulgarts
by boric acid was considered to be due to complex formation with a
component polysaccharide (98). Gel formation by a mannan from
yeast with borax (22) was mentioned in a previous section.

Borie acid and borax arve inhibitory to many microorganisms, but
this is more likely to represent a reaction with enzymes rather than
with polysaccharides. It will be referred to briefly in a later section.

IV. Reaction of Borate with Vitamins and Other Substances
That Are Components of Coenzymes

A number of reactions of borate with vitamins and coenzymes have
been reported in the literature. Other compounds in this category
an be expeeted to react because of their components. Riboflavin
phosphate, coenzymes I and I, and vitamin By, reported to contain
ribose (11), fall into this group. Pantothenic acid might also be ex-
peeted to react with borate,  In spite of adjacent hydroxyl groups in
the cis position, inositol reacts little or not at all with borate (9,584).

A. ADENOSINE 5-PHOSPHATE (MUSCLE ADENYLIC ACID)

I
>._::::.ula~..|A“\‘|C.Iﬁ_n|lL_\.I!C|l~_v
H O nw H U (O,
H H
Klimek and Parnas (53) found that adenosine 5-phosphate reacted
with borie acid; 40 mg. of the neutralized phosphate together with

1.0 ml. of 0.29% neutralized boric acid became acid enough to require
1.25 ml. of 0.01 N NaOH to restore the original pH. Yeast adenylic
acid, on the other hand, did not react with boric acid; this is to be
expected, since here the phosphate is bound to carbon atom 3, thus
eliminating the czs-hydroxy pair on carbon atoms 2 and 3.

B. PYRIDOXINE (VITAMIN By)

m_;:c:
HO—"\—CILOH

1,0y

Pyridoxine reacts strongly with borate (94); thisis evident from the
subsequent nonreactivity of pyridoxine with 2,6-dichloroquinone
chlorimide, change in the absorption spectrum, increase in acid
strength, and in thermostability. The inability of pyridoxine com-
pounds substituted at the 4-hydroxymethyl group to react with borate
and the titration data indicate that the 3-phenol and 4-hydroxymethyl
groups of pyridoxine react with borate, giving the BD; type of com-
plex. The complex is fully active as a vitamin, indicating that it is
completely dissociated in the animal organism to give the unchanged
vitamin.

The reaction of horate with pyridoxine is interesting since it exem-
plifies the reaction of borate with another type of 1,3-diol. However,
it may not be possible to study the coenzyme function of pyridoxine
or pyridoxal with borate since combination with phosphate, which
gives the coenzyme, is apparently at the phenolic group (carbon 3)
(51). This substitution would prevent the borate reaction.

C. RIBOFLAVIN (VITAMIN B:)

Kuhn and Rudy first showed that the optical rotation of riboflavin
was reversed by borax (61). TFrost (31) investigated the riboflavin-
borate complex further and found that the solubility of riboflavin
could be increased 25-fold by adding borate and heating. The effect,
of heat was not clear, but riboflavin tended to crystallize out of in-
sufficiently "heated solutions. The absorption spectrum was not
changed by the borate. Addition of acid to the complex generally
caused precipitation of the riboflavin in a short time. A clear-cut
stoichiometric relationship between the components of the complex
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borate with substrate, with concomitant inhibition of the specific
enzyme. Q-enzyme from the potato, which catalyzes the trans-
formation of amylose to amylopectin, was inhibited by borate (33).
The synthesis at pH 6.0 of starch from glucose 1-phosphate was in-
hibited 219, by 0.1 M borate, whereas the reverse process of starch
degradation at pH 6.8 was accelerated 179, (107).

Oxidation of dihydroxylphenyl-L-alanine by various plant oxidases
was inhibited by as little as 0.01 M boric acid (70). Oxidation of
glycolic and lactic acids was affected less by borate, and ascorbie acid
not at all.  The effect of borate on the enzymic oxidation of these four
compounds was roughly parallel to their complex formation with
borate. Surprisingly, a plant enzyme that oxidizes catechol was not
consistently affected by 0.1 .3 borate (32).  The action of the enzyme
glucosulfatase was also inhibited by borate (96), a 0.001 3 concentra-
tion having a perceptible effect.  However, phosphate is even more

inhibitory and sulfate is inhibitory, so the effect may be ionie.

B. INHIBITIONS OI* UNKNOWN MECHANISM

The following enzymes are reported to be inhibited by borate:
soybean (19), jack bean (97), and bacterial (84), ureases, arginase
(79), cholinesterase (30), pepsin (8), and phosphodiesterase (111).
Since urease is inhibited by phosphate in a competitive manner (34),
the borate inhibition may be the same type, and it scems likely that
both exert their influence as anions and that the borate does not react
with a diol group.  Borate is much more inhibitory to Mn-activated
arginase than is phosphate, whereas the opposite is true of the Mg-
activated alkaline phosphatases of animal tissues (115). Borate,
however, is more inhibitory than phosphate to alkaline phosphatase
from top yeast (39a). In borate inhibition of pepsin, Bersin and
Berger (8) believed the borate exerted its influence by combining
with the protein substrate as an anion. The phosphodiesterase
acting on ribonucleie acid appeared to be inhibited noncompetitively
by borate and competitively by phosphate (111). More detailed
studies are needed to elucidate the mechanism of this inhibition.

C. INHIBITION PROBABLY IONIC (ALKALINE PHOSPHATASL)

Borate has frequently been reported to be inhibitory to the enzyme
alkaline phosphatase (18, cited in ref. 115).  Recently o detailed
investigation has been made of the inhibitory effect of borate on the

alkaline phosphatase from cow’s milk and from calf intestinal mucosa
(115). Phenyl phosphate was the substrate. Like other anions,
borate affected both the position and sharpness of the pH optimum.

By varying the concentration of borate and plotting against the reciprocal of
the phosphatase activity, straight lines were obtained from which concentrations
giving 50% inhibition were read. For the milk phosphatase, this was 0.050 3/
tetraborate; for the mucosa enzyme, 0.019 .31, ISxperiments were also performed
with several concentrations of borate and various concentrations of the substrate.

i

40 60
1/c x 10°2

Cig. 7. Bffect of horate on ealf intestinal mucosa phosphatase in relation to
concentration of substrate (115).  Veloeity (1) is expressed in moles per 5 min-
utes. Concentration of substrate (C) is in moles per liter.  (A) no borate; (O)
0.035 M cthanolamine; (@) 0.071 M ethanolamine; (B) 0.005 M tetraborate;
(C) 0.01 M tetraborate.

The results obtained for the mucosa phosphatase are shown in Figure 7, where the
reciprocals of the substrate concentration and the enzyme velocity are plotted.
The ethanolamine buffer in which the assays were performed was not inhibitory.
Data for the enzyme-substrate dissociation constants and the inhibition constants
were caleulated.  Since neither the results given for the mucosa phosphatase nor
the results with the milk phosphatase showed a shift of the 1/V intercepts, it
was concluded that the inhibition was competitive, as contrasted with the non-
competitive, in which an intercept shift does oceur.

This means that the borate was bound at a site whieh also bound
the substrate. Since phosphate, and even carbonate are inhibitory
by a similar mechanism, it was concluded that borate, like phosphate
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centration borax markedly increased the action of penicillin against
Salmonella typhosa, but 19, was antagonistic to the action of peni-
c¢illin (8a). Borate is inhibitory to all stages of the life cycle of the
malaria parasite (95). The large amounts of polysaccharide in
protozoa (42) may be relevant. Novak (82a) has reviewed the litera-
ture on tl.c germicidal action of boric acid and borates.

Kuhn (62) has observed that boric acid ean be a sex-determining
factor for the bisexual green algae Chlamydomonas.  The bisexual alg:
secretes both male and female sex-determining substances, the latter
amethylether of quercetin, - By combining with the quercetin deriva-
tive, boric acid permits the excess of the male factor to determine the
sex.  Kuhn reported (63) that the growth of tomato pollen was
affected by borie acid; a concentration of 0.0019; gave 909, germina-
tion in 159 sucrose.  Apparently, in this instance, the complex of
boric acid and a monomethyl ether of quercetin functioned as a
growth factor. In this paper (63) Kuhn reviews biological research
with borie acid and discusses the biological significance of boric acid.

C. ANIMALS

There is no evidence that borate in other than minimal amounts is
required by animals.  This has been discussed in a paper by Hove,
Elvehjem, and Hart (43) and briefly reviewed recently (72).

The physiological activity of borate in the animal body has been
investigated recently by Frost and Richards (32) and Pfeiffer, Hall-
man, and Gersh (86). The literature on the topic has been compre-
hensively reviewed by Pleiffer ¢f al. (86,861). The oft-quoted report
that borie acid appears in the urine within a minute after immersion
of the feet in saturated borie acid (50) could not be confirmed by
Pfeiffer ¢f al. (86). Boric acid does not readily pass through the in-
tact skin, but it does pass through injured areas. The authors state
that ointments or powdered borie acid should never be used on such
areus, nor should solutions be used for irrigation of body cavities.
From cases deseribed in the literature, the authors conclude that the
fatal dose is 15-20 g. for an adult and 5-6 g. for an infant. In experi-
ments lasting up to 6 months, Wiley found much smaller doses (0.5
g./day) to be disturbing (104). Pfeiffer et al. determined the fatal
dose of borie acid for mice, rats, guinea pigs, and dogs.  Borice acid
made-neutral was slightly more toxic to mice (subeutancously) than

was the unneutralized. Sorbitol, mannitol, or 0.99;, NaCl given orally
did not protect mice against the boric acid. A mixture of Ringer
solution and plasma (1:1) did offer protection. The borate in poi-
soned animals was found principally in the brain and liver, with
smaller amounts in the body fat.

In chronie toxicity experiments with dogs, the boric acid was ex-
creted rapidly (86), as all other investigators have found. Appar-
ently, the borie aeid was exereted in the free form, as was also observed
by Wiley (101,  After the initial peak of borie acid exeretion (1-2
hours), the phosphate exeretion began to rise, and at 6 hours it ex-
ceeded by 5 times the control value.  Wiley also found disturbed
phosphate metabolism in human volunteers (104), Pfeiffer et al.
(86) found that in chronic toxicity experiments the most pronounced
pathological changes were in the kidney and the central nervous
system. The fact that the plateau of urinary excretion was not
reached until 14 to 18 days suggested that there was a cumulative
effect.

Fractionation of the brain lipides showed that there was boron in
the acetone-soluble fraction, which was ether insoluble and water
soluble. There was some evidence that phosphate had been dis-
placed from this fraction. It was tentatively concluded that a
horo-glycerate complex might be involved (86).

Boric acid reduces the ability of alloxan to produce diahetes in rats
(64). Since borie acid stabilizes the lactim form of alloxan an en-
haneed diabetogenic action was expected.

In view of the ability of borate to bind many substances of physio-
logical importance, one might expect it to he more toxic. The animal
body is probably spared greater toxic manifestations from moderate
doses of borate by the ease with which compound formation is reversed
and the fact that borate is rapidly excreted through the kidney at a
very low threshold.

The literature on borate and its ability to form complexes with poly-
hydroxy compounds has been summarized principally with the
thought that the reaction would provide another tool for studying
biological mechanisms,  Studies of this type would be expected also
to throw light on the need of plants for small amounts of borate,
and probably to explain the toxic effects of higher doses on both plants
and animals.
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